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whereas on an oxidative substrate (sodium acetate) the organism was highly sensitive (EDso 35ng/ml). O2 uptake by S. cerevisiae was inhibited irrespective of whether the organism was grown on either glucose or acetate as carbon source.
The general interest of our group in inhibitors of oxidative phosphorylation prompted a comparison of the effects of venturicidin A on reactions involved in energy conservation, with those of oligomycin B, a known inhibitor of oxidative phosphorylation. The effects of these compounds on the ATPase (adenosine triphosphatase), the ATP-driven and aerobic energy-linked pyridine nucleotide transhydrogenase activities of beef heart and S. cerevisiae submitochondrial particles were investigated. The results presented in Table 2 show that venturicidin A and oligomycin B were approximately equally effective in inhibiting the ATPase and the ATP-driven transhydrogenase activities of beef heart submitochondrial particles. However, venturicidin A was considerably less effective than oligomycin B in stimulating the succinate-driven pyridine nucleotide transhydrogenase. Ether extraction of submitochondrial particles (Broughall et al., 1973) of beef heart, fleshfly flight muscle and S. cereuisiae rendered the ATPase of these insensitive to both oligomycin and venturicidin as did solubilization of this enzyme with a detergent.
Although these experiments indicate that venturicidin A inhibits oxidative phosphorylation at the same step as does oligomycin, namely at the transfer of a high-energy phosphate group to ADP, the precise way in which this is brought about differs with the two compounds. Venturicidin A is considerably more effective at inhibiting the ATPase activity of S. cerevisiae submitochondrial particles than is oligomycin B. However, it can be seen from the data of Table 2 that the ATPase activity of submitochondrial particles prepared from the oligomycin-resistant mutant strain of S. cereuisiae D22 A21 (Griffiths, et al., 1972) is only one-half as sensitive to venturicidin A as that of the wildtype strain D22 WT, although submitochondrial particles from strain D22 A21 are approximately eight times less sensitive to oligomycin than submitochondrial particles from strain D22 WT. There is thus no cross-resistance of the oligomycin-resistant mutant to venturicidin. We have shown that extraction of beef heart and yeast submitochondrial particles with diethyl ether, results in an insensitivity of the mitochondria1 membrane-bound ATPase (adenosine triphosphatase) to oligomycin B, venturicidin A and NN'-dicyclohexylcarbodi-imide (Broughall et al., 1973) . The data presented here are an extension of this observation.
BIOCHEMICAL SOCIETY TRANSACTIONS
The ether extraction procedure has now been shown to confer insensitivity of the membrane-bound ATPase to ossamycin, peliomycin (Walter et al., 1967) and triethyl tin (Aldridge & Cremer, 1955) . This insensitivity to inhibitors is independent of the source of the submitochondrial particles; thus the membrane-bound ATPases from yeast, insect (Sarcophaga barbata) flight muscle, rat liver and beef heart are all rendered insensitive to inhibitors by diethyl ether extraction. The ATPase activities of intact insect flight muscle and rat liver mitochondria are also rendered insensitive to inhibitors.
The effect is not exclusive to diethyl ether extraction. Extraction of submitochondrial particles with chloroform, carbon tetrachloride or ethyl acetate gives qualitatively similar results. Also there is a characteristic decrease in the inner-membrane spheres which can be made visible in the electron microscope by staining with phosphotungstic acid. However, the ATPase activity of the extracted submitochondrial particles is normal in its sensitivity to aurovertin B.
We have begun to study the effects of diethyl ether extraction on the ATP-Pi exchange activity of intact insect flight muscle mitochondria and submitochondrial particles. We observe that the exchange activity of control preparations is sensitive to oligomycin B but not to uncoupling agents or avidin. The exchange activity of extracted particles is relatively insensitive to oligomycin B.
These solvent effects can be explained in three ways.
(1) The sites of action of the inhibitors are extracted by solvent treatment. (2) The extraction procedure causes a conformational change that prevents the inhibitors from reaching their site of action, or (3) the extraction procedure functionally separates the membrane-bound ATPase from the site of inhibitor action.
Mechanism (1) seems improbable since the simultaneous extraction of all the inhibitor sites is unlikely. Also, the site of action of NN'-dicyclohexylcarbodi-imide is a protein which is not extracted from mitochondria1 membranes by diethyl ether (Cattell et al.,  1971) .
In Table 1 we present data which enables a choice to be made between mechanisms (2) and (3).
Insect flight muscle submitochondrial particles were treated with NN'-dicyclohexylcarbodi-imide to inhibit the membrane-bound ATPase activity. The inhibitory effect of NN'-dicyclohexylcarbodi-imide is irreversible and the inhibitor is bound to the site of action. The control and NN-dicyclohexylcarbodi-imide-treated submitochondrial particles were then extracted with diethyl ether and the ATPase activities assayed.
If mechanism (2) is operative then extraction of the NN'-dicyclohexylcarbodi-imidetreated submitochondrial particles will have no effect on the inhibited ATPase since the inhibitor has already effected its irreversible action. However, if mechanism (3) reflects the true situation the solvent extraction will lead to a reactivation of the inhibited ATPase activity. The data in Table 1 show that extraction of NN'-dicyclohexylcarbodi- Table 1 . Reactivation of the NN-dicyclohexylcarbodi-imide-inhibited ATPase activity of insect flight muscle submitochondrial particles Submitochondrial particles prepared from the flight muscle of Sarcophaga barbata were incubated with 1 nmol of NN-dicyclohexylcarbodi-imidelmg of protein overnight. After washing and resuspending the control and NN'-dicyclohexylcarbodi-imide-treated particles, they were extracted with diethyl ether. The ATPase activities were then assayed.
ATPase activity (pmol.min-' -mg of protein-I) Control particles 1.19 NN'-Dicyclohexylcarbodi-imide-treated particles 0.40 Ether-extracted control particles 1.13 Ether-extracted NN-dicyclohexylcarbodi-imide-1.16 treated particles
